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Abstract of JP2001015803 

PROBLEM TO BE SOLVED: To 
manufacture a high-luminance AlGalnP LED 
having a window layer made of GaP stably 
by providing a buffer layer made of 
poly crystalline GaAsP between the window 
layer and an upper clad layer. SOLUTION: 
A buffer layer 107 made of an Mg-doped p- 
type GaAsl-xPx (0<=X<=1) having a 
gradient on a phosphorus composition (=X) 
is laminated on a p-type AlGalnP upper clad 
layer 105 forming the outermost layer of a 
laminate 20. Here, according to a cross- 
sectional TEM method utilizing a 
transmission electronic microscope, the layer 
107 is a poly crystal wherein a region whose 
thickness is, e.g. about 3 nm which is higher 
than its joint interface 107a with the layer 
105 is composed mainly of single crystals, 
and the upper layer thereof is composed 
mainly of amorphous body. Further, a Zn- 
doped, p-type GaP layer having a thickness 
of, e.g. about 25 &mu m is laminated as a 
window layer 108 by a hydride VPE method. 




Data supplied from the esp@jcenet database - Worldwide 



file://D:¥Tanaka¥My Documents¥EPOV3¥JP200101 5803.Bib.html2008/09/1 6 



(19) B^flifcfF/r (JP) (12) ^ ^3 ^ 1^ ^ ^ (A) (ll)ftfttflK&l§#^ 

##§2001-15803 
(P2001-15803A) 
(43)^iB B ¥f£l3*F 1 B 19 B (2001. 1 . 19) 



WWffH* F I f-V3-h*(##) 

H 0 1 L 33/00 B 5 F 0 4 1 



(51) IntCl.' 
H 0 1 L 33/00 



SSHfcft *aSsR §t;R3i©S:7 OL (£ 6 K) 



(21)ffiH#^ 


♦JH¥1 1-183068 


(71) Hi® A 


000002004 










(22)ti|g9B 


¥fdcl 1^ 6^298(1999. 6.29) 




*3Kas§K2^n i t a i3# 9 ^ 






(72) 5gfi# 










ssfaawfeKifr^T^^isoss® tmm 








































100094237 














F 5F041 AA04 AA40 CA04 CA24 CA34 








CA35 CA37 CA60 CA64 CA65 








CB15 



(54) [&W<OZm A 1 C a I n PJBfcif'f tf— K 



(57) 

[II] AlGalnPl*^^-^, GaPJgJI 

p„ (o^x^i ) »t»&&wmm*itLx . GaPi 




Hi 



1 1 o 



(2) 12001-1 5803 (P2001-15803A) 



im%m 1 ] G a A s JWSfi3£K±fc, *tL*tl ( A 1 
,Ga H )|I n,. y P (O^Xgl, O^YSl) "CR 
Ztlh-f&f y >•/ FJI. SBfcJf. mf\M7 v -v FJB 

(&mfflXi%&ltX, Y**H*4«^**tf) i:. Ga 

GaAs H Pi (0SZS1) *»^^-S^«®2rfl-TS 
ZtZimb-t&A 1 Ga I nPM^^-K. 
[|»*«2] I ntfDftftJt ( 1-Y) 36*, 0. 5T'£>& 
£fc*W«i:-*-4it*JBlfc:aBtt<DA 1 Ga InPM 
F. 

[ft*3S3 ] IS«Jf tf>Jf J£ #*. 2 n mULhT 1 0 0 n m 
ie«iWA 1 Ga I nPjW^^-K, 

[|f^4 ] gfl^poi^t ( = z ) a*. JBWSrft 

fSkt-4SI««l-3«OV^3&»l«t=:Eil<DA 1 Ga 
I nPSBte#W#-F. 

x-z =ox-hK>. mmmx'z = 1 x-hh z t zftwib-r 

«.ff*3S4^fB«OA 1 Ga I nP^N 3"— F„ 
[»*3I6] Jg«JB#. ^ H a B cOGaP*^«^$iXT 
V^4. i£H^^£i££m~3<0lvffta»lJSK 
ie«5£7) A 1 G a I n P3W-T F. 

(?>j&m%m£'oigi\>^b%nmbi-z>n?mi~6<7)^ 

Tttfr 1 JSCSSttOA 1 G a I n P^tYA it- F . 
[^OfWflrBMII] 
[0001] 

[fHH*>lW-*a«fl«] GaPCTtGaAswP, 

gM^^-ra. iisa 1 Ga i np&itmt-v 

(LED) 
[0002] 

mt<T>A 1 Ga I nPLEDKUV^t. 
SWWW>»*£»*¥8i: LX 9 v v FJ30±K. fBfc 

SrSSWSaWi'ftKo^TV^ (SP I 
E. Vol. 3002(1997). 110-1181 

• tfU^Afeft (A 1 cGaj-c As : O^C^l ) frh 
HB&thWfc (-LlEOApp 1 . Phys. Let 
t. , 58(10) (1991). 1010 — 1012 
JC«S) . 'JVM'J^A (GaP) 
£[]£>;fXTV">-g> (J. Electron. Mater. , 
20(1991). 112 5 — 1 1 3 0H#SS) . 

[0003] - 2 0 2 2 6 4-9£MB£ 

t±. pJCTMbyU^A (GaAs ) tp)gGaPfc?:l 



P^GaAslli. Pf (Al a Ga,., ) 

0. 5 I n 0 . 5 P ( 0 S a ^ 1 ) a>^=5r-£>±gfl? 5 ••/ FJ1± 
fc. (MOCVD) . &?JftJt3*l. P 
jgG a PJIt^XftM&tf j£« (HVPEJftKJ:^ 
j£$ftT^&. HUlB^?S^J;ix(f. P B(Al,Ga,. 
Jul n 0 . 5 P«±fcp^GaAsJiSr^rft$-l**L 

if. p«Ga paaqgatcasrcs & t . 

[0004] ±ie<0^T^^V>T . pfGaAs if OJf 
JftiiftO. 01/im-O. lum<7)8mx\ pfGaP 
«*=Jt«tT»<»JgS<iTV>4. LA>L. P»GaA 
s*<a3aT<0*jbHNWi» ^3KiiSrtSJS-rS (Al, 
Ga,., ) 0.5 I n 0 . 5 P (O^aSl ) (Cj£KL,T4>8 

[000 5] GaPtGaAsJi-e^-rtfS^S 

&&GaAsJfTii. £ CD^^^^t Sr 
?-&fc:Ji£4>'firH. ft-?T. GaP8cDSU£?Bfc<7>IX 
*)ftUzffl-&(D&\,^5vm^l5vmb-f&b (±K<7) 
«HPP7 - 2 0 2 2 6 4 fM) . G a P«^*BtC^ 

^•y^lOhmic) Stt**8aH-4«fc&«55£L 
T^T'^T. *»gA 1 Ga l nPLED(7)Saff 
JK^WtS-tf&MBfc&o-C^-l,. GaPJBIl;: 

JStiffiT-T-S.. C^fe. mmmcOA IGalnPLE 
D Z%h<MZ^mSb . 
[0006] 

[fKH^WgfeLiofc-riRH] »PiGaAs): 

P^GaPo, gsrs 1 1 1 -vmitsifa*mwm&m 
fr^mfcthommx-ii.. (^)n *>js«**.ii:# 

ig^/jN^GaAshLTV^Tttfj. ?£ftOl&JK£+# 
OCVDlC«f:^GaAsjl5rfi«i:LTV^^y). ^if 

=a*is««*^rr6 g a ps#is*?#^v\ 

[0007] fflStft. _LB<OlSM*«fcU GaP 
*>^^S^ilSrfiH^^^W«^A IGa lnPLEDSr 

3cSWtdRj&t* i fc S: awfc-r & . 

[0008] 

EP^>. [ i ] GaAsfiMILh 

(C. Wc'iX (Al,Ga,.,), I nj.yP ( OSXg 

1. O^YSl ) T'*$fLl>T^^7-/ F«. $tm. 

mf±M? y y f* ( ^■mmx-m.^itx , Ytm^hm 

ttSts) b. GaPM^I (^m)ltt 
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t<omz^ WBWaAsj.jPj (OSZ^ 1 ) frh 

tchmmm^-thz. t znwtt-thA i Ga inPis 

H , [ 2 ] I nCOfegkit ( 1 - Y ) 0 . 
5T"3i^<Ii:$-#mi:^--?» [1] (C|g®cOA 1 Ga I n 
P^Btr-f Jf- b\ [ 3 ] ^WJfcOSJf 2 n mtXk 
X'lOOnm&TX'hhZtZmLk-fh [ 1 ] ifcli 
[2H=IB8^A 1 Ga I nPf^M^-K, [4] 

ig«s^pc7)«^it (=z) mmufax'^tt. m 

[ 1 ] ~ [ 3 ] W^Tixfr 1 3StlE«i0A 1 G a I n P 

56*^ w *- k , c 5 ] Mmmn p <mmtw. ±m? 

V «y KJfffllTZ = 0 T* 0 , JSJMBTZ = 1 T'S> £ i fc 
*WfSkt-« [4] l=iS«<0A 1 Ga I nP^^t 
— H, [ 6 ] ^JSAOG a P fit 

US. Zk*mkt-f& [1 ] ~ [3] cr>^-ftifrim 
l=KS50Al Ga I nP«*^*-K, [ 7 ] fgffiJB 

i fc [ 1 ] ~ c 6 ] co^-rtifrimzim 

CO A 1 G a I n PfBfryM h' „ (=H9-r£ . 
[0009] 

iwjxrmmemm ^mit. GaAsJ*isjHHK_fc 

t=, ^-ixm (AI,Ga M ), I ni.,P (OsSXsS 
1. OSY^l) X-m-ZtlhTU? 7 -v FJf, ?&3£S, 

mf±.u?7 vYm (#JB.ia-caaufcx. y****** 

£«r*tr) GaP*^55ri,m«i:$-<li.^:SBl£r-f 
B B B «7)GaA Sl . z P z (0gZ^l)K5rl»lfI^ 

(Ai,Ga M ) 

y I n^jPJtSW^I ntf>3UUfc ( 1-Y) #0. 5T' 
$> & 4: , G a A s Mm&mffi. b CDWf-mar&)*m£ 9 . 

[ooio] *muz&*>&M.mm&. ^m^x-mm. 

TXi/o-y (as-grown) Wmkb?) 

m^m®tf%-mihft$:±bLX'ktsm®fr *<r> 
mmimm^zmn^x-m^ixx^h^m^ 
a. mmmtLxwmx'hh. zcDW&coftgk'Rmim 

Mb (Al,Ga,.,) „ I ni- Y P (O^X^l. 0SY 

s i ) mmwsbvt&m&zim-t&iSLBzm 

fc ■^•SJUtAK b LXM < . 
[0011] «* JfafisffiBtt, ±8P? 5 x HJi^ott 

LTli, P«J (A l,Ga H ) o. 5 I n 0 . 5 P (O^Xg 
1 ) *&fr4±*?9«yK*Jbfc!SW*4>*ifc, P#W 
f&flG a P*^^.S»^«Jli: , *<V±.<DpJ&<7)Mtf££kG 

[0012] *g«Ji<i, ? 7 -y PaftUttOSEttlMNF 
0±^*«^«-fb^# (MO-C VD ) ^nyy 



^L<Ji^-f KSUBJS* (VPE) mZb'cr&Wt. 

t=, ^«<0ttfl^'&JJEW*i<Otfa['arttlM«J«i: 
-T-iUcti. «*fiS^*Jl< 2 0 0*cm±, MKIi 
2 5 0 X: W± fc -T ■?» h . d Ojag i D fifflf « 

■th b , ^^<7)^ B B B S^#^ixil <=5rO*f4L<^r 
[0013] ^«Jf^SiP(i«f tT . 2 n mljLhT 1 0 
SSfc* o -eoSiPSrl 00 nm2rjg^.St^fc-r 

urctt. mmmz*D-izmtx'Z-f. mmiznsm^ 

[00 14] tti. *¥%fflCDimm$:Ga.As l - x P 
x (O^XSl) 60««^EB*^fll^-r-Sfc, «=. 
G a PJgJi fc Ot&^^S-^ttSr^Sl-r S WZ-mfcWffi 

mififtfox'* h . ««e<7)®jf * j ittdirf-i.^i6itc u 

SJt (=X) SiWnS^GaAs^xPxajKfliWI 
(i. (Al,Gai.,),Ini-,P (0SX^1 % O^Y 
S 1 ) Jl±tCGaPlg^^m^S^fc^&t'*)S. ffl 
itf. (A l s Ga,. s ) o.5 I n 0 . 5 P (0SXS1 ) M 

b <om&ftmx' u ycommt* o » ap*> . GaAst 

GaP^lhO^^ffiT-'J^ffl^Jt^l, BP%. 
GaPtLfeGaAs^^xItgiitl tt«Wf& 
VGaPSW<05R^rt«^«^-&««JBk«r4. fflfi* 

[ 0 0 1 5 ] 56t. ISi^^ia B ^Ga 

pfrhffi&^hb^^m&trfe^mii&izfetih g a 
pjsji^js-c**. b wmm b s^r-r s 

[001 6] 

[Htt0f ] {mm 1 ) A 1 G a I n PftHtfJ Y 

ios.hi eomwrn^iZTsk+mmmmfc 2 o»t>n 

[00 17]Slijl*20li. [1 10] #1*11=4 * 
miLtimm (S i ) K-/n» { 0 0 1 > — Ga A s 
*^ B B B ««1 01, Si K-rniGaAsIffl 0 
2. Zfy-y-7'immi 0 6, S i H-Tnjg (A 1,. 7 
Ga M ) 0.5 I n c .ePTaP7 9-y h'Jl 1 0 3, T^H 
—y<£> (A 1 0 . iGa,,,) 0 .5 I n 0 . 5 P3B£ei 04, 
ai^^*S/*>A (Mg) h'-TpJB (A 1 0>7 G 
a 0 . 3 ) o. 5 I n 0 . 5 P±SP^7-y FS1 0 5t#>4>f§j£ 
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$iXTl^. #/I 1 0 2~1 0 5J4, 

( (CH 3 ) jAl). hU-X^/MfU^A ( (C 
H 3 ) 3 Ga) . hVX+A"(>i?f?J» ( (CH 3 ) 3 I 
n ) £ I I I «HfjR5aiE<?51R*H: U ^y(PH 
3 ) £V&f8j£^Mfct-£«EMO-VPEft£J; 0 
7 2 0°CX"i&.mLfz. 

[0018] S i OK-t^Slfclli, 5*^5 y ( S i 
2 H 6 ) fcflBflUi. GaAsi«ll 0 2«*+'J7i 
Jg<4#j2X 1 0 18 cm-3t, jfcjfc, gJ»J4ifr5 0 0nm 

2xl0 18 cm-3tU mmii#}2umtL*Z. 
<7)1 04OJii?{±^l 20nmfc U * -r U TjftK(±^7 
5xi0 ls cm-3 i: Lfc. P ^±gP^7v HJil 0 5 
tiJiffiftljumfc U **'J7iM8i7xi 0»'cm"3 

( (C 5 H 5 ) 2 Mg) fcjfWLjfc. 

[00191/5 vT'Zmm 1 0 6i4. A 1 fflj£it£ 
0. 4 5fc-fSS i H-rnfA 1 0 . 4S Ga 0 . 55 A sJS 
1 0 6 afc, A 1 ffl^Jt^rO . 9 0 S i H— 7°n 

fAlo.soGacoAsll 06bi:J5SI. ML 
TML)t. Al 0 . 45 Ga 0 . 65 As«*^^^mi(7)y 
9 -y ^S*fS«^« 10 6a <7)JlJ*i4**>4 2 n mt* 
•9. A l 0 . 90 Ga ( ,. 1 oAsJlA^^ri>^2<?)7'5 

•y^RSt*«j£Jf 1 0 6 KCT>mm\±m4 9 nmfcU. 
r^-y^KItill 06<0«^J11 0 6a. 10 6b<7)4f 
-V 'J T«8Bi5Kar#fc*?> 1 x 1 0 1! cm- 3 tL^. 

[0 0 2 0] MOCVDffite±&8W«Jftfc2 0*>jfflR 
£;&T LfcSL p ILkSB? 5 y KB 1 0 5±fcE» ( Z 
n) H-rp»GaP*»6=Sr4««Jil 0 7*fl|JiU 
7t. ISf 10 711 tf'J^A (Ga) /*X7<> 

(PH 3 )/*S (HztRJSlVPEStiOlSil 
fc. SS»J1 1 0 7 (44 8 O'CTB^. U -e«7)®®{i*t;2 
OnmtLft. jt$*7g!Mfi! (TEM) £fljfflt*:#r 

ite Matmof. mmm 107(1 _LgB? 5 y ym 

1 0 5ig^#Ml 07aJ; 0±^ij^3 nm<D/S£<7) 

[002 1]<«C. GaAsSSl 0 1 <7)iSJg$r 7 6 0 
•CC±#$-tt. llt<±ffi<7)VPEj£^J:'5Zn K-r 
pJKG a PJI&&JR 1 0 8 fc LTmS Lfc. MM 1 0 8 
<OJi#{«&4 0*tmi:Lfc. S110 8^tpfGa 
P*fcl±*a*#BK>6;h.-r, 4fc*Bt=J4SSB*%if 

14. Iffll0 7IJ, -HVatt*mefelM***tr 

#tt.n^£±ttfci^i&iMre*9. &mi 08W 

[ 0 0 2 2 ] SgJf 1 0 8cy)*®±td^ ( Au ) ■ Zn& 

P JEM"- iy^til 0 9£R(tfc. 
nJgGaAs^Kl 0 iCOgffitCteAu • *r)\,*?—*7J* 



(Ge ) ^*>^5:Snf*-S -y^««il 1 0 £t£tt 
TLEDlOtifKU. W*— S-y?WS10 9. 1 

1 or§nzmnmz2 o s yrvcr (mA> otst&je 

mte#} 1 9 nmT* 0 , #fettfc»t&B3tea*»6ft. 
fc. «*I*I«E (@20mA)l±»2. 0 h ( V ) 

tK^tz. ttz, wmmme 2 5 v&>t? (mc 

[0023] mmm 2 > shot 1 izmmnmmtmt* 

2 0<7)&mm£ffi&L-t&pm (Ai,. 7 Ga 0 . 3 ),. 5 i 

n 0 . 5 P±M? 7 ••/ VJS 1 0 5±t=. U Vffl^ ( = X ) 
K43S**^4M g F-rpfGaAs,., P X J&»^* 
Jfff« 1 0 7 £«JlLfc. ttffJI 1 0 h V 

^f-^'y^A/T/U^^ (AsH 3 ) /*X7^y/ 

2 0'Ci:L/i. jg«Jfl 0 7<50JfJi(4^6 8 nrak L 

[0024] JffMl 07«tl,GaAs 1 . 5 P Ji i 
OUVffljS ( = X) (4, P»±g&?7-y h'/Il 05fc<0 
fg-£#®l 08atX=0tl (fiP^., GaAsi 
L) . P?£GaP5gJil 08tcr>1g-£nffil 07bT'X 

= 1 (ap*>. Gap) fc&*tt(annm(cJHfti3-efe. 

[0025] 1 0 7±W4. iffioys^ H5-f H 

VPEffiC«c»JfliffSrft2 5Atmi;-ri.Zn H-7-p© 
GaPilSr^Jil 0 8fcLTBMiLfc. JSV 1 0 8 2:11 
StSpfGaP SO^K{4 7 2 0*Ci: Lfc. 

[0026] mm 1 1 1 fmiiZLEDizML trim* 

h$tft<r>mm&#)6 2 0 nmt* 0 , ^Bfc^^.^ h^OT 
^ffi^«4^ 19nm?*oft. ?Bt«^i4^ 5 8 m c d 
KatL-fc. GapJSUfl0 8ti. ^ffiO^ffltttC 

«h.4fcOi:=0r-5Jtfeft. -y ^«fet14<4^fft^ 

*3 . JE^P n«^Wtta&<31»S*tfe. 2 0 mA« 
c7))iI^riSi«EJ4^2. lvt^r^.^:. 

[0027] (11*6093) m2\,zmmscr>wmm<r> 
mmmmztfct. mmm 1 tznm^mmmm»2 o t 

|S|«fc*a«iSfls4 0 5rJEMU fi*S^S«-rS P© 
(A l,.,Ga 0 , 3 ) o. 6 I n D . 8 P-bff??9 Hil2 0 5 
±{=. MgK-r P fGaPK5;«I2 0 7^ 
JiLfc. ^««2 0 7c7)BKlg(i. hu^^^ry>A/ 
y/**RK3R«EMOCVDi£K:*Sc-jfe. ^ 

Mas{4^5 5 o*ct Lfc. mmm 20 7<r>mmm4 

0 nmi: L*Z. 

[ 0 0 2 8 ] mWL2 0 1 0?ajS5r 7 8 0°C^±# 
^•ti:. M«Ji2 0 7±t3«J*&*&2iumi:'*-4MgH— 
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7°P0GaP®^^ii2O8^— flll&f 208afc LT 
i^i2 0 8a±CGa/*X7 
■f ^/**RJK»VPEffifc:i»)« ZnK-7piGa 
P*£. jSW2 0 8*«dW6»5O»j«J12 0 8bi:L 

[0029] 93fc0f 1 fc Pl«fc«S«it*4 0 n »£. 
tfp»*-S7?lf20 9, 2 1 OSKRl/CLED 
3 0 1 * L7t . MUfrfamSSSr 2 0mA {cRjg LfcROJ* 
3riS|«BBitt l • 9 VT'fc o . attf lOM 
fc LfcB&oi£2riirj«BB± l 0 vjaifcfcofc. * 

1 7nmti->fc. «Jiai*l4*Sj6 2mcd"C*-jfc. 

[0030] ( tmm )■ mmm i (=Eftowm»fle 2 

0O»SWi*«rrp»±«^9<yH*l 0 5±t. ft* 

tiffiizww mmmwrnzmm. znb'-r P ^G 

-»vf FVPESt{S0 . 7 6 OttMLt. 
JicoJI J¥ti£>4 0 u m t tfe . 

[0031] fgJfSrfiiJfrrS P^G a PifcoWcJi* 
ao#tt3&«SB$*ut. BfiSTEMfttiiffflFCJi, 
J»i**^-GaPfc±*^7-yHJi?&*-f (A1,.,G 
a 0 . 3 > 0.5 I n 0 . 5 Pt<7)^O^fi-^lC^Htt^Ji 

[0 0 3 2] Z<?)tZ&>, P^GaPjgJl^BJilnp^ 

{±i&2. 5-2. 7Vtl#U. fB1£?)jfcftteift6 2 
0 nm*^*tl6 3 0 nmf*^^ t<5DO, ffcfcX^:? h 
/l^¥«IS«;ft2 5nm£j8;i.. fio^— fc*->fc. 
fBfc&SJiiftl 5mcdtJjot 
[00 3 3] 

G a P*»&fc4!SJi£3cJe . 
BBWKOA 1 Ga I nPLED*iSftt'|$. 

[Hi ] mmminLEDwmmffimz^-tmzmx'h 



[flr^oi&njj] 

1 0 LED 

2 0 fiMHt&fr 

3 0 LED 

4 o " mmm&ft 

10 1 G a A s W8i 

102 GaAsfgWi 

103 TI??7Hi 

104 wxm 

10 5 ±SB? 5 y 

106 y^y^'RWil 

10 6a f 5 y ^RtWHMUl 

10 6b ^5 -y ^RSMMMEJi 

10 7 iff »I 

107a mmm t 5 -yH mh<ry®&ftw 

10 7b |g8rJlfcGaPfgJifc<9ig3-#B 
10 8 

109 Pimm 

110 n^flffi 
2 0 1 G a A s 
202 GaAslfl 
2 0 3 TU7 v -y KJB 
2 04 W&zM 

2 0 5 ±g&? 5 y H« 

2 06 y^-y^Rttil 
2 0 6a y ^RSMHtJS* 

2 0 6b y 5 y ^RWif 

207 Jf»Jl 

2 0 7a Wmmt±M9 =7 -y H«t<0tj^#ffi 

207b mmmtGapmmtcomar&ffi 

2 0 8 &Jf 

2 0 8a =gJIf8^/I 

2 0 8b gJMffi&m 

209 p^«Si 

2 10 nffim& 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A lower clad layer, a luminous layer, and an upper clad layer (a case where the 
mixed crystal ratios X and Y differ between each class is included) which are expressed 
with Y ' n i_Y P (° <==x<=1 > 0<=Y<=1) on a GaAs single crystal substrate, respectively 
(aluminum Ga. v ). 

A window (window) layer which consists of GaP(s). 

It has a buffer layer which is the AIGalnP light emitting diode provided with the above, and 
consists of GaAs 1 Z P Z (0<=Z<=1) of polycrystal between a window layer and an upper clad 

layer. 

[Claim 2]The AIGalnP light emitting diode according to claim 1, wherein a mixed crystal 
ratio (1-Y) of In is 0.5. 

[Claim 3]The AIGalnP light emitting diode according to claim 1 or 2 with which thickness of 
a buffer layer is characterized by being 100 nm or less at not less than 2 nm. 
[Claim 4]An AIGalnP light emitting diode given in any 1 paragraph of claims 1-3, wherein 
composition ratio (=Z) of P of a buffer layer changes in a thickness direction and is large 
toward the window layer side. 

[Claim 5]The AIGalnP light emitting diode according to claim 4, wherein composition ratio of 
P of a buffer layer is Z= 0 in the upper clad layer side and is Z= 1 in the window layer side. 
[Claim 6]An AIGalnP light emitting diode given in any 1 paragraph of claims 1-3 
characterized by what a buffer layer comprises GaP of polycrystal for. 
[Claim 7]An AIGalnP light emitting diode given in any 1 paragraph of claims 1-6 to which 
forming temperature of a buffer layer is characterized by being lower than forming 
temperature of a window layer above 250 **. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the InventionJIt is related with the high-intensity AIGalnP light emitting diode (LED) 
which has a GaP window layer and a GaAs 1 Z P Z buffer layer. 

[0002] 

[Description of the Prior Art]ln the conventional AIGalnPLED, the art which arranges the 
window layer (window layer) for taking out luminescence from a light-emitting part to the 
exterior efficiently on a cladding layer as a means to obtain high-intensity luminescence is 
known (refer to SPIE, Vol.3002 (1997), and 110-1 18 pages). It is necessary to constitute a 
window layer from a big semiconductor material of a transparent band gap to 
luminescence, the example (above-mentioned Appl.Phys.Lett, and 58 (10) and (1991).) 
constituted from an aluminum-arsenide gallium crystal (aluminuiruGa. ^As:0<=C<=1) The 

example constituted from refer to the 1010-1012 page and gallium phosphide (GaP) is also 

known (J. refer to Electron. Mater., 20 (1991), and 1125-1130 pages). 

[0003]A means to make p form gallium arsenide (GaAs) and p form GaP stratify, and to 

constitute a window layer is indicated by JP,7-202264,A. In this method, p form GaAs layer 

on the upper clad layer which consists of p form (aluminum , , Ga. , u ) n Jn„ ^P 

r v alpha 1-alpha' 0.5 0.5 

(0<=alpha<=1), It grows up by an organic-metal-vapor-growth (MOCVD) method, and the p 

form GaP layer is formed by the hydride vapor-phase-epitaxy (HVPE) method. If p form 

GaAs layer is made to intervene on a p form (aluminum , . Ga. , u ) „ Jn„ ^P layer 

alpha 1-alpha' 0.5 0.5 1 

according to said gazette, it will be supposed that a p form GaP layer can deposit easily. 

[0004]ln the above-mentioned method, the ranges of the thickness of p form GaAs layer 

are about 0.01 micrometer - 0.1 micrometer, and it is thinly set up as compared with the p 

form GaP layer. However, since it is small as compared with , , 

(aluminum , , Ga. , . ) 

alpha 1-alpha 7 

o 5 ln o 5 P ( 0<=a| P ha<=1 ) which constitutes a luminous layer, the band gap in the room 
temperature of p form GaAs layer serves as an opaque material to the light emitted from a 
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luminous layer. Therefore, the light from a luminous layer is absorbed and luminosity falls. 
[0005]Since GaP and GaAs differ in a grating constant primarily, they do not fully come to 
ease the inconsistency of this lattice in the GaAs layer which is a thin layer in order to 
reduce absorption of luminescence. Therefore, if the thickness of a GaP layer shall be 5 
micrometers - convenient 15 micrometers for extraction of luminescence (refer to above- 
mentioned JP,7-202264,A), a projection occurs on the surface of a GaP layer, and the 
window layer which is excellent in surface evenness will no longer be obtained by being 
stabilized. On the surface of the window layer where surface smoothness was spoiled, the 
electrode which demonstrates good ohmic (Ohmic) contact can be stabilized, and cannot 
form, but it has become the cause of worsening the excellent article element yield of high- 
intensity AIGalnPLED. A GaP film may be cracked and it may become a discontinuous film, 
and by a discontinuous film, conduction resistance becomes large, and element driving 
current cannot be diffused, but luminosity falls. For this reason, it is inconvenient although 
high-intensity AIGalnPLED is obtained. 
[0006] 

[Problem(s) to be Solved by the lnvention]ln the conventional technology which constitutes 
a window layer from a group-lll-V-semiconducter crystal layer from which p form GaAs and 
p form GaP differ, (b) Since the GaAs layer by MOCVD is made into the thin layer in order 
to reduce the absorption of light from (**) which cannot fully reduce absorption of 
luminescence since the 1st window layer is set to small GaAs of a band gap, the GaP layer 
which has a good surface state cannot be grown up. 

[0007]ln this invention, the above-mentioned problem is solved and it aims at 
manufacturing stably high-intensity AIGalnPLED provided with the window layer which 
consists of GaP(s). 
[0008] 

[Means for Solving the Problem]That the above-mentioned problem should be solved, this 
invention persons reached this invention, as a result of trying hard wholeheartedly and 
inquiring. Namely, a lower clad layer as which this invention is expressed in y ln 1 y P 

(0<=X<=1, 0<=Y<=1) on [1] GaAs single crystal substrate, respectively (aluminum v Ga, v ), 

In a light emitting diode provided with a luminous layer and an upper clad layer (a case 
where the mixed crystal ratios X and Y differ between each class is included), and a 
window (window) layer that consists of GaP(s), An AIGalnP light emitting diode having a 
buffer layer which consists of GaAs 1 Z P Z (0<=Z<=1) of polycrystal between a window layer 

and an upper clad layer, [2] An AIGalnP light emitting diode given in [1], wherein a mixed 
crystal ratio (1-Y) of In is 0.5, [3] [1], wherein thickness of a buffer layer is 100 nm or less in 
not less than 2 nm, or an AIGalnP light emitting diode given in [2], [4] Composition ratio of P 
of an AIGalnP light emitting diode given in any 1 paragraph of - [3] and [1] [5] buffer layer, 
wherein composition ratio (=Z) of P of a buffer layer changes in a thickness direction and is 
large toward the window layer side is Z= 0 in the upper clad layer side, An AIGalnP light 
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emitting diode given in [4] being Z= 1 in the window layer side, [6] Forming temperature of 
an AIGalnP light emitting diode of a statement and [1] [7] buffer layer to which a buffer layer 
is characterized by what comprises GaP of polycrystal in any 1 paragraph of - [3] above 
250 **. It is related with any 1 paragraph of [1] - [6] being lower than forming temperature of 
a window layer, without an AIGalnP light emitting diode of a statement. 
[0009] 

[Embodiment of the lnvention]lt is the light emitting diode provided with the following, and 
the buffer layer which consists of GaAs 1 Z P Z (0<=Z<=1) of polycrystal between a window 

layer and an upper clad layer is formed. 

The lower clad layer, luminous layer, and upper clad layer (the case where the mixed 
crystal ratios X and Y differ between each class is included) which are expressed with In 

y P (0<=X<=1, 0<=Y<=1) on a GaAs single crystal substrate, respectively (aluminum x Ga 1 
x>- 

The window layer which consists of GaP(s). 

In this case, lattice matching nature with a GaAs single crystal substrate increases that the 
mixed crystal ratio (1-Y) of In of y (aluminum x Ga 1 ) ln 1 y P sedimentary layers is 0.5, and it 

is especially desirable. 

[0010]The buffer layer concerning this invention comprises the polycrystalline substance. 
That is, orientation consists of an aggregate of the single crystal in which it differs mutually, 
or a single crystal and the aggregate of being amorphous. Especially the polycrystalline 
substance in which a junction area with adherend consists of a field which mainly contains 
a single crystal body in the state of an AZUGU loan (as-grown), and the upper levels of the 
field mainly comprise amorphous bodies is preferred as a buffer layer, the amorphous 
bodies in this case - a window layer and a (aluminum x Ga 1 ) y ln 1 y P (0<=X<=1, 

0<=Y<=1) system - the duty which eases lattice mismatching with sedimentary layers, 
[ bear and ] A single crystal body works as a crystal growth core at the time of amorphous 
bodies crystallizing under hot environments and becoming the polycrystalline substance. 
[001 1]The conduction type of a buffer layer presupposes that it is the same as that of the 
conduction type of adherends, such as an upper clad layer, and the conduction type of a 
window layer. It is a laminated structure which consists of a buffer layer which consists of 
the polycrystal GaP of p form provided as an example on the upper clad layer which 
consists of p form (aluminum x Ga 1 x ) 5 ln Q 5 P (0<=X<=1), and a single crystal GaP window 

layer of p form on it. 

[001 2]A buffer layer can be formed on a cladding layer or a current diffusion layer by the 
organometal chemistry vapor-depositing (MO-CVD) method, halogen or a hydride vapor- 
phase-epitaxy (VPE) method, or other means. Even when the growth means of a buffer 
layer and a window layer is the same, even if it differs again, there is no inconvenience. It is 
necessary to constitute a buffer layer from the polycrystalline substance, and also in which 
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growth means, in order to consider the crystallized state of a buffer layer as crystal 
composition suitable like the above especially, it needs to make about not less than 200 ** 
of growing temperature preferably not less than 250 **. Since the thermal energy into which 
a vapor-phase-epitaxy raw material is made to fully disassemble at low temperature from 
this temperature is not given, membrane formation can be stabilized and cannot carry out. 
If it is made beyond the temperature (i.e., more than the growing temperature of a window 
layer) from which a single crystal layer is obtained, it becomes and is not [ that the crystal 
layer of polycrystal is hard to be obtained ] desirable. 

[001 3]lt is suitable that the thickness of a buffer layer is 100 nm or less in not less than 2 
nm generally. It is in the buffer layer comparatively formed at low temperature, and about 
the thickness, if 100 nm shall be exceeded, the buffer layer surface will become disorderly. 
For this reason, the window layer where the surface is flat is no longer obtained, and it is 
inconvenient. In the ultra-thin film below 2 nm, a depositional surface cannot be covered 
uniformly, but a crack or a gap occurs in a window layer, and an element characteristic 
deteriorates. 

[0014]lf the buffer layer of this invention is constituted from a presentation inclination layer 
of GaAs 1 X P X (0<=X<=1), a buffer layer still more effective in easing lattice mismatching 

nature with a GaP window layer can be constituted. The GaAs. V P V presentation inclination 

1 "A /\ 

layer to which the Lynn composition ratio (=X) was made to increase in the direction which 
the thickness of a buffer layer increases is effective when providing a GaP window layer on 
a y (aluminum x Ga 1 ) ln 1 y P (0<=X<=1, 0<=Y<=1) layer, for example, a joining interface 

with a (aluminum Ga )0.5 ln 0.5 P ( 0<==x<=1 ) ,a y er " the composition ratio of Lynn -- 0 - that 

is, It is referred to as GaAs and the GaAs 1 X P X presentation inclination layer which made 

Lynn composition ratio 1, i.e., GaP, by the joining interface with a GaP window layer turns 
into a buffer layer which carries out lattice matching to the both sides of sedimentary layers 
and a GaP window layer. In order to obtain a presentation inclination layer, the Lynn 
composition ratio is made to increase to the increasing direction of thickness gradually, or it 
can do with the technique to which the Lynn composition ratio is made to increase linearly 
or rounded. 

[0015]lf a buffer layer is constituted from GaP of polycrystal, the GaP window layer which is 
excellent in continuity without a crack or a gap can consist of this inventions. It is because a 
window layer and a buffer layer carry out lattice matching. 
[0016] 

[Example](Example 1) The AIGalnP light emitting diode 10 consisted of the laminated 
structure bodies 20 shown in the cross section of drawing 1 . 

[0017]The laminated structure body 20, [110] Silicon inclined 4 degrees in the direction. (Si) 
The dope n type {001}-GaAs single crystal substrate 101, Si-dope n type GaAs buffer layer 
102, Bragg reflection layer 106, and Si-dope n type (aluminum^ „Ga n J n Jn. C P lower clad 
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layer 103 and undoping. (aluminum 0 2 Ga Q 8 ) It comprises the Q 5 ln 05 P luminous layer 104 

and magnesium (Mg) dope p type (aluminum 0 7 Ga Q 3 ) Q 5 ln Q 5 P upper clad layer 105. Each 

class 102-105 Trimethylaluminum (CH 3 ) ( 3 aluminum), Trimethylgallium (CH 3 ) ( 3 Ga) and 

trimethylindium (CH ) ( In) were used as the raw material of an III fellows composing 

element, and membranes were formed at 720 ** by the decompression MO-VPE method 
which makes phosphine (PH 3 ) the source of V fellows composing element. 

[0018]The disilane (Si 2 H 6 ) was used for the source of doping of Si. the carrier 

concentration of the GaAs buffer layer 102 — about — 2x10 18 cm" 3 — thickness could be 
about 500 nm. Carrier concentration of the n form lower clad layer 103 was made into 

abbreviation 2x10 18 cnrf 3 , and thickness could be about 2 micrometers. The thickness of 
104 of the luminous layer set to about 120 nm, and carrier concentration was made into 

abbreviation 5x10 cm" . The p form upper clad layer 105 considered it as about 1 

micrometer of thickness, and made carrier concentration 7x10 17 cm" 3 . Screw cyclo 
PENTAJIERU magnesium (C 5 H 5 ) ( 2 Mg) was used for p form dopant. 

[0019]Bragg reflection layer 106 stratified the Si-dope n type aluminum 045 Ga 0 55 As layer 

106a which sets Al composition ratio to 0.45, and the Si-dope n type aluminum 90 Ga 0 1Q As 

layer 106b which sets Al composition ratio to 0.90 five cycles, and constituted it. The 
thickness of the 1st Bragg reflection layer composition layer 106a that consists of an 
aluminum Q 45 Ga Q 55 As layer is about 42 nm, and the thickness of the 2nd Bragg reflection 

layer composition layer 106b that consists of an aluminum 0 90 Ga Q 1Q As layer could be 

about 49 nm. Both sides made carrier concentration of the composition layers 106a and 

106b of Bragg reflection layer 106 abbreviation 1x10 18 cm" 3 . 

[0020]After ending membrane formation of the laminated structure body 20 by the MOCVD 
method, the buffer layer 107 which consists of zinc (Zn) dope p type GaP on the p form 
upper clad layer 105 was laminated. The buffer layer 107 formed membranes by gallium 
(Ga) / phosphine (PH 3 ) / the hydrogen (H 2 ) system-of-reaction VPE method. The buffer 

layer 107 was formed at 480 **, and the thickness set it to about 20 nm. When depending 
on the section TEM method for having used the transmission electron microscope (TEM), 
the buffer layer 107 was the polycrystalline substance in which a field with an upper 
thickness of about 3 nm comprises the upper clad layer 105 and the joining interface 107a 
considering a single crystal as a subject, and the upper layer mainly makes amorphous 
bodies as a subject. 

[0021]Next, the temperature of GaAs substrate 101 was raised at 760 **, and the Zn dope p 
type GaP layer was laminated as the window layer 108 by the same above-mentioned VPE 
method. The thickness of the window layer 108 could be about 40 micrometers. A crack 
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etc. are not observed in the p form GaP layer which makes the window layer 108, and there 
is almost no projection in the surface, the approximately whole area was covered, and it 
became a flat continuation film. According to the section TEM method, after formation of the 
window layer 108 in an elevated temperature was completed, the buffer layer 107 was a 
polycrystalline layer which makes a subject the single crystal body which contains 
amorphous bodies in some infinitesimal areas, and the window layer 108 was a single 
crystal. 

[0022]The p form ohmic electrode 109 which consists of golden (Au) and a Zn alloy was 
formed on the surface of the window layer 108. The n form ohmic electrode 1 10 which 
consists of an Au and germanium (germanium) alloy was formed in the rear face of n form 
GaAs substrate 101, and LED 10 was constituted. When conduction of the current of 20 mA 
(mA) was carried out among both the ohmic electrodes 109,1 10 in the forward direction, 
luminescence of the almost equivalent red lamp color was obtained from the approximately 
whole area of the window layer 108. The luminous wavelength measured by the 
spectroscope was about 620 nm. The half breadth of an emission spectrum is about 19 nm, 
and luminescence which is excellent in monochromaticity was obtained. Forward voltage 
(@20mA) became about 2.0-volt (V). Light emitting luminance amounted to an about 62- 
mcd (mcd). 

[0023](Example 2) On the p form (aluminum^ 7 Ga Q 3 ) 5 ln Q g P upper clad layer 105 which 

constitutes the outermost layer of the laminated structure body 20 of a statement in the 
Example 1, The buffer layer 107 which becomes the Lynn presentation (=X) from Mg-dope 
p type GaAs 1x P x which has inclination was laminated. Membrane formation of the buffer 

layer 107 depended on trimethylgallium / arsine (Ashy / phosphine / the hydrogen reaction 

system decompression MOCVD method. Forming temperature was about 520 **. The 
thickness of the buffer layer 107 could be about 68 nm. 

[0024]The Lynn presentation (=X) of the GaAs 1 X P X layer which constitutes the buffer layer 

107, it was referred to as X= 0 by the joining interface 108a with the p form upper clad layer 
105 (namely, - referred to as GaAs), and was made to increase linearly so that it may be 
set to X= 1 (namely, GaP) by the joining interface 107b with the p form GaP window layer 
108 The inclination of the Lynn presentation attached inclination by decreasing temporally 
the supply flow rate to the system of reaction of an arsine, and making the flow of 
phosphine increase during the membrane formation. 

[0025]On the buffer layer 107, the Zn dope p type GaP layer which depends on the above- 
mentioned hydride VPE method, and sets thickness to about 25 micrometers was 
laminated as the window layer 108. Membrane formation of the p form GaP layer which 
constitutes the window layer 108 could be 720 **. 

[0026]lt was processed into LED like Example 1, and the characteristic was measured. The 
wavelength of luminescence obtained when forward current is set as 20 mA was about 620 
nm, and the half breadth of the emission spectrum was about 19 nm. Light emitting 
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luminance reached about 58 mcd(s). Since the Gap window layer 108 became what is 
excellent in surface surface smoothness, ohmic contact nature became good and the 
normal pn junction characteristic was demonstrated. The forward voltage at the time of 20- 
mA conduction was set to about 2.1 v. 

[0027](Example 3) The cross section of the laminated structure of Example 3 is shown in 
drawing 2 . The laminated structure body 40 as well as the laminated structure body 20 of a 
statement was formed in Example 1, and the buffer layer 207 which consists of Mg-dope p 
type GaP on the p form (aluminum 0 7 Ga Q 3 ) 5 ln Q 5 P upper clad layer 205 which 

constitutes the outermost layer was laminated. Membrane formation of the buffer layer 207 
depended on trimethylgallium / phosphine / the hydrogen reaction system decompression 
MOCVD method. Forming temperature was about 550 **. The thickness of the buffer layer 
207 could be about 40 nm. 

[0028]Next, the temperature of the substrate 201 was raised at 780 **, and the Mg-dope p 
type GaP layer which sets thickness to about 2 micrometers on the buffer layer 207 was 
made to stratify as the 1 composition layer 208a of the window layer 208. The appropriate 
back laminated the Zn dope p type GaP layer by Ga / phosphine / the hydrogen reaction 
system VPE method on the composition layer 208a as another composition layer 208b 
which constitutes the window layer 208. 

[0029]n form and the p form ohmic electrode 209,210 were constructed to the laminated 
structure body 40 like Example 1, and it made with LED30. The forward voltage at the time 
of setting forward current as 20 mA was about 1 .9v. When the reverse current was set to 
10microA, reverse voltage became more than 10V. The center wavelength of luminescence 
is about 618 nm, and spectral half-width was set to about 17 nm. Luminescence intensity 
was about 62 mcd(s). 

[0030](Comparative example) The Zn dope p type GaP layer was directly laminated as a 
window layer, without imitating conventional technology and providing a buffer layer on the 
p form upper clad layer 105 which makes the outermost layer of the laminated structure 
body 20 of a statement in the Example 1 . The window layer depended on the hydride VPE 
method like Example 1, and was formed at 760 **. The thickness of the window layer could 
be about 40 micrometers. 

[0031]Existence of a crack was recognized visually by the surface of the p form GaP layer 
which constitutes a window layer. In observation by the section TEM method, it originated 
in the mismatching of the lattice of GaP which makes a window layer, and n Jn n C P which 

makes an upper clad layer (aluminum 0 7 Ga Q 3 ), and the joining interface of a window layer 

and an upper clad layer was not flat, and was disorderly. It was based on the non-surface 
smoothness of this joining interface, many projections appeared on the surface of the 
window layer, and, as a result, the surface of the window layer became what lacks in 
surface smoothness. 

[0032]For this reason, although formation of p form ohmic electrode was tried on the 
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surface of a p form GaP window layer, the ohmic characteristic that contact resistance is 
high and good did not manifest itself easily. Forward voltage rose to V [ about 2.5 to 2.7 ]. 
Although the wavelength of luminescence was about 620 nm to about 630 nm, the half 
breadth of the emission spectrum exceeded about 25 nm, and became uneven. 
Luminescence intensity was about 15 mcd(s). 
[0033] 

[Effect of the lnvention]lt can depend on providing the buffer layer of this invention, and it is 
stabilized, the window layer which consists of GaP which is excellent in crystallinity can be 
formed, and high-intensity AIGalnPLED can be provided. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] lt is a mimetic diagram showing the section structure of LED of Example 1. 
[Drawing 2]lt is a mimetic diagram showing the section structure of LED of Example 3. 
[Description of Notations] 
10 LED 

20 Laminated structure body 
30 LED 

40 Laminated structure body 

101 GaAs substrate 

102 GaAs buffer layer 

103 Lower clad layer 

104 Luminous layer 

105 Upper clad layer 

106 Bragg reflection layer 

106a Bragg reflection layer composition layer 
106b Bragg reflection layer composition layer 

107 Buffer layer 

107a The joining interface of a buffer layer and an upper clad layer 
107b The joining interface of a buffer layer and a GaP window layer 

108 Window layer 

109 p form electrode 

110 n form electrode 

201 GaAs substrate 

202 GaAs buffer layer 

203 Lower clad layer 

204 Luminous layer 

205 Upper clad layer 

206 Bragg reflection layer 
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206a Bragg reflection layer composition layer 
206b Bragg reflection layer composition layer 

207 Buffer layer 

207a The joining interface of a buffer layer and an upper clad layer 
207b The joining interface of a buffer layer and a GaP window layer 

208 Window layer 

208a Window layer composition layer 
208b Window layer composition layer 

209 p form electrode 

210 n form electrode 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Translation done.] 
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